High specific activity IHIindole-3-acetic acid (IAA) was applied to the apical bud of intact pea (Pisum sativum L. cv Greenfeast) plants. Radioactivity was detected in all tissues after 24 hours. More radioactivity accumulated in the nodules than in the parent root on a fresh weight basis and more in effective (nitrogen-fixing) nodules than in ineffective nodules (which do not fix nitrogen).
For most samples, thin layer chromatography revealed major peaks of radioactivity at the R, values of IAA and indole-3-acetylaspartc acid (IAAsp) and further evidence of the identity of these compounds was obtained by chromatography in other systems. Disintegrations per minute due to IAA per unit fresh weight were significantly greater for root than for nodule tissue, but were not significantly different for effective and ineffective nodules. Radioactivity due to IAAsp, expressed both on a percentage basis and per unit fresh weight, was significantly greater for nodule than for root tissue and signifcantly greater for the effective nodules than for the ineffective nodules. When I3HIIAA was applied to effective nodules, IAAsp was the dominant metabolite in the nodule. The data suggest that metabolism of auxins may be important for the persistence of a functional root nodule.
A root nodule is a unique and highly organized structure developed as a result of the symbiotic relationship which normally occurs between leguminous plants and bacteria of the genus Rhizobium. The development and persistence of a functional root nodule clearly requires a high degree of regulation. It is generally believed that plant hormones are involved in triggering the initiation of root nodules, and that hormonal balance is an important factor in the control of nodule development, maintenance, and senescence. There is little fundamental evidence available, however, to support this belief.
There are few accurate data on the level of auxins in root nodules and none on the metabolism of auxins in intact root nodules. Several reports indicate that root nodules have greater auxin content than the parent roots in the legumes Pisum sativum (17) , Pisum arvense (19) , Glycine max (17) , and Lupinus luteus (9, 16) and in the nonlegume, Alnus glutinosa (10) . With the exception of the work of Dullaart (9, 10) , who used spectro- fluorimetry, these studies have relied on bioassay and need to be confirmed using an unambiguous quantitation method such as mass spectrometry. In the work presented here, we Seeds of Pisum sativum L. cultivar Greenfeast were grown as described previously (8) , except when nodules were labeled directly, when plants were grown in large upright-placed Petri dishes (13.5 cm diameter) containing 150 ml of sterile solid (1.5% (w/v) agar) modified Fahraeus medium (24) . The plant stem was pulled through a hole made in the top of the Petri dish and the dish was sealed with Nescofilm (20 (22) .
Liquid Scintillation Counting. The following scintillation fluid (10 ml/1 ml of sample) was used: 6 g PPO, 1 L Triton X-100, and 2 L toluene. Samples were counted twice in an LKB 1215 Rackbeta II liquid scintillation spectrometer (Wallac Oy, Turku, Finland) and cpm were corrected for background, and for quenching using the external standard ratio method. In order to count leaf extracts accurately, it was necessary to construct a quench curve using unlabeled leafextract as the quenching agent.
Statistics. Mean values are presented with SEM and significance levels were calculated using Student's t test.
RESULTS
Distribution of 3H in the Plant. When [3H]IAA was applied to the apical bud, radioactivity was detected in all tissues. In most experiments, tissues could be listed in the following order with respect to accumulation of radioactivity per unit fresh weight: bud >> stem > nodule > leaf > root > cotyledon (Table II) . Accumulation of radiolabel per unit fresh weight appeared to decline as the plants aged. The decline was of similar magnitude for tissues of plants inoculated with either Rhizobium strain and there was little indication of a change with age in the relative accumulation of radioactivity between the different tissues.
In every experiment, the amount ofradioactivity per unit fresh weight of nodule tissue was greater than that for root tissue, especially in the case of plants inoculated with strain ANU897. Averaging over the two ages, for these plants, the mean difference in accumulation of radioactivity between root and nodule tissue on a fresh weight basis was significant (P < 0.05); the mean value for total radioactivity per unit fresh weight was significantly (P < 0.001) higher for nodules formed by strain ANU897 than for those formed by strain ANU203, as was the mean value for the ratio, total dpm mg-' fresh weight nodule/total dpm mg-' fresh weight root (5.4 ± 0.32 and 2.0 ± 0.06, respectively). A ratio of 1.8 24 h to all tissues of the plant, and it is probable that endogenous auxin is similarly transported.
Although there are many reports that auxin applied to the shoot can be transported to the root (4), the present study is the first to examine in particular, transport of auxin to, and metabolism of auxin by, the root nodule in relation to the whole plant.
Very little radioactivity accumulated in the cotyledon, as might be expected in a tissue that is senescing and in which the concentration ofIAA has declined to a low level (1 1 Labeled IAA was metabolized to some extent prior to reaching the root system, definitely at the site of its application, and probably also in the stem. Other workers have shown that IAA is also metabolized during transport from the seed to the shoot (13) . The transported form of IAA cannot be determined from the present experiments, although when auxin is applied to the apical bud, it is believed to move in a system that is specific for auxins and does not involve transport of IAAsp (12 have a greater capacity to accumulate auxin transported from the shoot and to metabolize it to IAAsp than nodules which cannot fix nitrogen. These results provide evidence that the root nodule, which has already been noted to be a morphologically unique and highly organized structure formed following infection of legume roots by Rhizobium, is also markedly different from the root tissue from which it is derived in its auxin relationships with the whole plant. They also suggest that the metabolism of auxins received from the shoot apex may be an important factor in the persistence of a functional root nodule.
